Water resources development and utilization (WRDU) is an important way for humans to utilize natural resources, and has a deep effect on ecological environments. Flat topography, groundwater dependence and a high proportion of agricultural water are the main features of WRDU in Sanjiang Plain. Due to large-scale development in the last 60 years, the ecological environment of Sanjiang Plain has changed significantly. In order to identify the eco-environmental problems and make regional ecological environment and water resources sustainable, trend and correlation analyses were performed to analyze the eco-environmental effects of WRDU from the aspects of water resources, land resources, vegetation and climate. The results show that the regional ecoenvironmental effects caused by WRDU in Sanjiang Plain are significant. The quantity and quality of groundwater resources and the social and ecological functions of land resources are significantly affected by the regional development and utilization of water resources, while the effect of surface water resources is not obvious. The changes of vegetation and climate are also significant, but the response mechanism to WRDU requires further study. With the changes of extent, pattern and degree of surface water utilization in Sanjiang Plain, the effect of surface water resources is becoming more and more prominent.
INTRODUCTION
The large-scale hydrological cycle has a significant impact on many physical and chemical processes of terrestrial ecosystems. Strong interaction and feedback exist between the hydrological cycle and terrestrial ecosystems (Niasse ) .
The development and utilization of water resources has changed hydrological cycle processes (Gleick ) , and thus it has caused negative responses of the terrestrial ecosystem and serious eco-environmental problems ( Domestic and international research on the eco-environmental effects of water resources development and utilization (WRDU) has been carried out for many years.
Current research is mainly focused on the eco-environmental effects of hydropower engineering (Poff & Hart ; Komatsu & Yasuda ) , sluice and dam projects (Powell ) , interbasin water transfer projects (Matete & Hassan ), river hydropower development (Kingsford ) , WRDU of watersheds (Tang et al. ) and WRDU of ecological vulnerable areas, e.g. arid regions (Snyder & Tartowski ) . After 60 years of large-scale land reclamation and crop cultivation, the scale and extent of WRDU has expanded gradually and the target of WRDU has shifted from controlling flood and waterlogging to satisfying industrial, agricultural and domestic water demand. The consequential eco-environmental problems are becoming more and more serious (Guo ) . Therefore, based on the data of WRDU and the ecological environment of Sanjiang Plain, the eco-environmental effects of WRDU were analyzed using trend and correlation analysis in this study.
STATUS OF WATER RESOURCES IN SANJIANG PLAIN General situation of water resources
The Sanjiang Plain (Figure 1) 
TREND ANALYSIS OF ECO-ENVIRONMENTAL EFFECTS
Years of WRDU have greatly changed the natural resources and ecological environment of Sanjiang Plain and resulted in groundwater drawdown, water area reduction, shrinking wetland, water supply and demand contradiction and water quality deterioration, etc., which have caused extensive concern.
Effect of surface water
Sanjiang Plain has an average annual runoff of 151 × 10 8 m 3 , a coefficient of variation of annual runoff of 0.55 and an Table 1 . Plain is not optimistic. In consideration of the difficulty improving GWQ, the problems of GWQ protection in Sanjiang Plain need to be solved urgently.
Effect of land
The WRDU (especially irrigation and drainage engineering) has a great impact on topography, which is the dominant factor of soil erosion and soil and water loss ( Compared with the forestland area, the degradation degree of grassland area is high, which indicates that grassland is susceptible to WRDU.
Effect of climate
Regional atmospheric physical condition is mainly con- 
CORRELATION ANALYSIS OF ECO-ENVIRONMENTAL EFFECTS
By the trend analysis of eco-environmental effects of WRDU, the evolution of eco-environmental factors along with the WRDU in Sanjiang Plain was revealed in the 
where X and Y are the averages of X i and Y i ; r i and s i are the ranks of X i and Y i ; r and s are the averages of r i and s i ; P is the number of ordered pairs that X i is consistent with Y i .
SPSS Statistics 20.0 software was applied to calculate the three correlation coefficients. The results are shown in Table 2 .
As shown in Table 2 , there is a very significant correlation between WRDU amount and GWRA, or soil erosion area, or waterlogging-prone area, or vegetation area, respectively. The PCC between WRDU amount and 
CONCLUSIONS
Trend and correlation analyses were applied to research the eco-environmental effects of the WRDU in Sanjiang Plain.
The influences of WRDU on the regional water resources, land resources, vegetation and climate were revealed in the study.
In terms of water resources, the WRDU had significant impacts on the quantity and quality of water resources. The influences were only concentrated on groundwater resources, while surface water resources showed no significant response. Therefore, research on groundwater monitoring and groundwater ecological level in Sanjiang Plain is extremely important.
In terms of land resources, the WRDU has caused significant changes of land resource quantity and function. The soil erosion area and waterlogging-prone area have expanded gradually. Therefore, land consolidation and drainage projects are very necessary for Sanjiang Plain. In recent years, the slowing speed of wetland area reduction has been due to the consciousness for protection and artificial wetland.
In terms of vegetation and climate, although their responses to WRDU were significant, the influence level, way and process are still not very clear. The response 
